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Abstract: Current research into the causes of macro-cracks in the debinding of 
light-cured ceramic body is predominantly focused on heating rate and holding time. In 
this paper, we propose a novel approach to analyze the causes of defects in the ceramic 
body during the debinding process via the interconnected channels formed in the 
process of the binder discharged from the inside to the outside. The physical and 
chemical changes, and related reaction products of the binder were analyzed by the 
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TG-FTIR using a specific resin as the binder in the low temperature debinding stage 
(200~300 ℃) and high temperature debinding stage（300~600 ℃）. Based on the result, 
a novel approach is proposed to illustrate the process of the formation of interconnected 
channels and defects. The samples of green bodies debond at different holding time 
were analyzed by the SEM and μ-CT. The experimental results prove the formation of 
interconnected channels, and it is found that the holding temperature of 237 ° C is 
favorable for the formation of the channel and the discharge of the gas products. The 
defect-free samples after low temperature debinding process were debond in the high 
temperature debinding process at three different holding temperatures of 360 °C, 430 °C, 
and 550 °C obtained by analyzing the DTG curve and the absorption curve of CO2 in 
the infrared spectrum, and samples after high temperature debinding process were 
analyzed by the SEM and μ-CT. The experimental results show that these holding 
temperatures favor the stable discharge of CO2 and the binder pyrolysis products from 
the channels, thereby avoiding cracks due to severe gas expansion. The research results 
in this paper have important reference value for the preparation of defect-free ceramic 
samples. 
Keywords: Zirconia; digital light processing; thermal debinding; defects control 
 
1. Introduction 
The rapid development of additive manufacturing (3D printing) technology has 
stimulated the development of numerous ceramic additive manufacturing processes. 


































































manufacturing methods [1-6]. It works by uniformly spreading ceramic powder in 
liquid photosensitive resin to prepare slurry. The crosslink reaction of liquid 
photosensitive resin in the UV exposure then causes the slurry to solidify, binding the 
ceramic powder together in a certain shape. The ceramic green body part is achieved by 
printing layer by layer. Through the subsequent thermal debinding process, the organic 
photosensitive resin component in the green body part is burned at high temperature to 
obtain the brown body part, which is then transformed into a densified ceramic part in 
the following sintering process. This process requires no mold design and material 
utilization is nearly 100%, reducing the manufacturing costs significantly.  
   Porous ceramic parts with complex structures can be manufactured efficiently using 
3D printing [7-10]. During the debinding process, an excessive heating rate or 
inappropriate holding temperature or duration will often cause large cracks. In the 
subsequent sintering process, it is difficult to heal such cracks by the self-healing 
process of powder sintering, resulting in compromised mechanical strength of the 
sintered part [11, 12]. Chang Liu [13] studied stereolithography additive manufacturing 
technology for silica glass. Thermal gravimetric analysis (TGA) and Fourier transform 
infrared (FTIR) spectroscopy were utilized, illustrating that the debinding curve was 
optimized to effectively shorten the debinding time. Haidong Wu [14] used the 
stereolithography process to fabricate alumina ceramic parts and studied the effect of 
alumina powder particle size and the debinding process on the density of the final 
sintered parts. A sample containing nano-sized and micro-sized alumina particles was 


































































micro-sized alumina particles and the sample obtained via vacuum debinding had a 
higher density. Fatih [15] studied the shape retention properties of low-pressure 
injection molded (LPIM) zirconia during thermal debinding. The distinctive surface 
binder film was found to have healing and leveling effects on the surface defects, thus 
improving the strength of the parts. Emil [16] reduced the shrinkage of the organic 
binder during debinding by adding a non-reactive component to the photosensitive resin, 
further reducing delamination and intra-laminar cracks in the ceramic part. Maopeng 
Zhou [17] fabricated alumina cutting tool green body parts obtained by the 
stereolithography process and used a two-step debinding process (vacuum debinding 
followed by air atmosphere debinding) to control the pyrolysis rate of the binder to 
suppress the formation of defects. Pfaffinger [18] researched the thermal debinding of 
ceramic-filled photopolymers printed by DLP 3D-printing, finding that the shape and 
design of the printed part, as well as debinding and sintering strategies, significantly 
affect the mechanical strength of the final part. 
In the process of preparing ceramics by stereolithography, the debinding step is 
highly important, and the quality of the debinding process will directly affect the final 
result of the sintering step that follows [19-22]. Factors affecting the quality of the 
debinding process include the binder [21], the type of debinding process [19], and the 
ceramic powder [20]. Most research on the thermal debinding of printed ceramic green 
body focuses on the temperature where the mass loss rate of the binder reaches extreme 
values. In this paper, porous zirconia ceramic green body is prepared by DLP 


































































and the physical and chemical changes of resin in the binder during the process of 
thermal debinding are analyzed by thermal gravimetry-Fourier transform infrared 
spectroscopy (TG-FTIR). Based on this analysis, the causes of defects in the process of 
thermal debinding are analyzed, and the results are used to prepare a defect-free porous 
zirconia thermal debinding ceramic sample. The findings in this paper provide 
important reference for the preparation of defect-free stereolithography ceramics. 
 
2. Materials and Methods 
2.1 Materials and components 
The solid content of the WA004 type photosensitive resin-based zirconia slurry 
(Prismlab Technology, China) used in this paper is 40wt%, the particle size of zirconia 
is 270 nm (D50) and the chemical composition and crystalline structure of the zirconia 
is 5.35wt% Y2O3-dopoed zirconia (TZP). The SEM image of zirconia powder is shown 
in Fig.1 (A), zirconia particles exhibit an irregular shape with slight agglomeration. The 
relation between the solid loading, viscosity and shear rate of zirconia slurry is shown in 
Fig.1 (B), it can be concluded that the viscosity decreases with the increase of the shear 
rate and the viscosity decreases slowly, and there is no obvious shear-thinning 
phenomenon, which indicates that the slurry exhibited a relatively stable state under the 
action of shearing force, and the viscosity of the slurry does not change significantly. At 
the same time, this also indicates that the zirconia powder is uniformly distributed in the 
binder, and the slight agglomeration of the nanoparticles does not have a significant 


































































with bisphenol A epoxy acrylate (BAEA) as the photosensitive prepolymer, 
1,6-hexanediol diacrylate (HDDA), neopentyl glycol diacrylate (NPGDA), methyl 
propane triacrylate (TMPTA) as the diluent monomer, and 2-hydroxy-2-methyl 
propiophenone (1173) and diphenyl (2,4,6-trimethyl benzoyl) phosphine oxide (TPO) as 
photo initiators. Moreover, the photosensitive prepolymer and diluent monomer 
individually account for approximately 50% of the total mass of photosensitive resin, 
and the quality of the photoinitiator is negligible.  
 
2.2 DLP 3D-printing and green body 
A custom-made 3D-printer with a DLP light source was used in this study. A 
schematic diagram of the preparation process of DLP ceramic green body is provided in 
Scheme 1, and a picture of the real product is shown in Fig. 2. In this process, the light 
source projects the shape of the part slice on the slurry liquid surface, and the exposed 
slurry is cross-linked into a solid state that binds the ceramic powder together, while the 
unexposed slurry remains liquid. After exposure, the platform is lowered by one layer 
thickness, and a doctor blade is used to apply the fresh slurry uniformly on the 
previously formed layer. The next layer becomes irradiated and reciprocated to obtain a 
3D ceramic green body part. 
The printed sample was an 18 mm×18 mm×3 mm porous mesh structure block with 
an array of 2 mm×2 mm holes. The model and the green body are illustrated in Fig. 2(A) 
and Fig. 2(B). After sample preparation, the green body was washed repeatedly with 


































































2.3 Measurements and characterizations 
The debinding process was performed using a hot air circulation debinding furnace 
(Gaoge Instruments, China). The composition of the debinding process products were 
then analyzed using a thermagravimetric anaylzer (209F3 Thermogravimetric analyzer, 
Netzsch, Germany) and Fourier transform infrared spectroscopy (TENSOR27, Bruker, 
Germany) under the air flow (30 ml/min). The sample mass was 4 mg, and the test 
temperature rose from 30 ℃ to 700 ℃ at 10 ℃ per minute. The morphology of the 
samples before and after debinding and the distribution of the binder on the surface of 
the sample debond at various temperatures was characterized by scanning electron 
microscopy (S4800, Hitachi, Japan, SEM). The rheological curve of the slurry was 
characterized by the microscopic infrared rheometer (MAS60, Thermo fisher, 
American). A micro-computed tomography scanner (μ-CT) (FF35 CT; YXLON 
International, Germany) with a 17 μm resolution was then used to scan the samples after 
thermal debinding at 200 kV and 50 μA. The samples were rotated 360° in 0.36° steps 
during the acquisition. 
 
3. Results and Discussion 
3.1 Thermal gravimetric analysis 
The TG/DSC（thermal gravimetric/ differential scanning calorimetry）results for the 
ceramic green body are shown in Fig. 3. From the TG/DSC curve, it can be observed 
that the mass loss of green body begins to occur when the temperature is between 200 ℃ 


































































decreases to 74% of the original quality. When the temperature is higher than 600 ℃, the 
quality of the parts do not change and the debinding process ends. Based on this, it is 
determined that the debinding process of ceramic green body can be divided into two 
stages: low temperature debinding (200~300 ℃) and high temperature debinding 
(300~600 ℃). From the DSC curve, it can be concluded that the thermal debinding 
reaction is an endothermic process when the temperature is lower than 320 °C, and with 
the increase of temperature and the debinding process, the debinding reaction releases a 
lot of heat until the end of the debinding process. In the following section, the physical 
and chemical changes of the binder are analyzed by combining the products of the 
debinding process. 
 
3.2 Infrared spectrum analysis of debinding products 
The infrared spectra of the products in the debinding process of ceramic green body 
at 150~300 ℃ are shown in Fig. 4 (A). The absorption peaks at 3731 cm-1 and 2360 cm-1 
are respectively attributed to H2O and CO2. The double absorption peaks at 3590 cm-1 
and 3560 cm-1 are attributed to the stretching vibration of O-H bond, and the double 
absorption peaks at 2954 cm-1 and 2867 cm-1 are attributed to the stretching vibration of 
C-H bond [23]. In addition, the absorption peak at 1742 cm-1 is attributed to the 
stretching vibration of carboxylic groups, which indicate that carboxylic acids exist in 
the products, and the absorption peak at 1646 cm-1 are due to the stretching vibration of 
C=C bond [20]. Additionally, the absorption at 1512 cm-1 and 1456 cm-1 is attributed to 


































































and 1164 cm-1 are attributed to the stretching vibration of C-O-C and C=O bonds, 
respectively, indicating that esters exit in the heating products [24-27]. Finally, the 
absorption peak at 940 cm-1 is attributed to the stretching vibration of epoxy bonds [24]. 
The infrared spectra of the products from the debinding process of ceramic green bodies 
at 300~600 ℃ are shown in Fig. 4(B), and the types and distribution of functional 
groups are essentially the same as those illustrated. 
In the process of light curing of DLP, under the action of ultraviolet rays, the C=C 
bonds of epoxy resin and diluent monomer are broken, and consecutive polymerization 
reaction occurs, crosslinking to form polymer [23]. In Fig. 4(A), the absorption peak of 
C = C bond gradually strengthens from 200 ℃, indicating that the polymer begins to 
decompose into photosensitive resins and diluent monomers. During the synthesis of 
bisphenol A epoxy acrylate, the epoxy group in epoxy resin is opened and esterified 
with acrylic acid, and the epoxy bond gradually disappears [25]. However, the 
absorption peak of epoxy group appears in the infrared spectra of products at 250 ℃ in 
Fig. 4(A) and (B), and gradually strengthens with the increase of temperature. This 
indicates that the photosensitive resin bisphenol A epoxy acrylate begins to decompose 
into epoxy resin and acrylic acid, and the epoxy group of epoxy resin is closed again, so 
the absorption peak of epoxy resin in infrared spectrum is gradually enhanced. At the 
same time, the increasing absorption peaks of C=C bonds in the infrared spectra at 200 
~ 300 ℃ also proves that the cured polymer has begun to decompose, and the 
decomposition product bisphenol A epoxy acrylate is also partially decomposed into 


































































absorption peaks of C=O and C-O-C indicate the presence of esters in the heated 
products of green body, which may arise from gasified polymers and bisphenol A epoxy 
acrylate. The increasing absorption peaks of H2O and CO2 indicate that some of the 
heated products are burned in the air to produce H2O and CO2. 
When the heating temperature is 300~600 ℃, the above-mentioned epoxy bonds, 
carboxyl groups, C-O-C, C=O, and C=C bonds still display strong absorption peaks in 
infrared spectra at 300~430 ℃.  In addition, the absorption peaks of epoxy bonds C=O 
and C=C gradually weaken, and almost disappear in infrared spectra at 500 ℃. 
Meanwhile, as illustrated in Fig. 4(C), the absorption peak of CO2 reaches a maximum 
at 430 ℃ and is still strong at 600 ℃. This indicates that the binder polymer in ceramic 
green body still melts and evaporates at 300~500 ℃, but this trend gradually weakens 
until it stops at 500 ℃. This trend can be supported by DSC curves in the Fig.3, when 
the temperature is 300 ~ 320 ℃, the debinding process is an endothermic reaction, 
which means that the binder still melts and evaporates. At the same time, a large amount 
of binder polymer and its decomposition products are decomposed and a high level of 
CO2 is produced. The bonding agent polymer in ceramic green body gradually decreases, 
and this trend slowly diminishes until the debinding is complete. During this process, 
the quality of ceramic green body does not change. To summarize, in the heating range 
of 300~ 600 ℃, some of the binders still melt and evaporate, but the thermal 
decomposition of the binders and their decomposition products dominate.  
The low boiling point product acrylic acid is produced by partial melting and 


































































binder and gas products are discharged from the ceramic green body from inside to 
outside. At the high temperature debinding stage, the binder still melts partially, but with 
the increase of temperature, it decomposes and carbonizes rapidly, producing CO2 and 
releasing a lot of heat under the action of oxygen. 
 
3.3 Causes of debinding defects in ceramic green body 
   According to the results of infrared spectroscopy analysis, during the low 
temperature debinding stage (200~300 ℃), some binders melt and decompose (as shown 
in Scheme 2 (A)), the diluent monomers and acrylic acid produced by decomposition of 
the binder gasify at this time, and the melted binder has a certain fluidity. During the 
debinding process, the binder on the surface of the green body melts and evaporates first, 
and the decomposed gas spills over (as shown in the dotted frame in Scheme 2 (B)) and 
oxidized in the air. With the removal of binder on the surface of the green bodies, the 
gaseous binder and gaseous decomposition products in green bodies move from the 
inner part of the green body to the surface with the melted binder under the action of 
pressure after thermal expansion and capillary force between powders. Therefore, the 
fused binder evaporates further, and the gaseous decomposition products further spill 
over on the surface of the green body, thus realizing the removal of the binder (as shown 
in Scheme 2 (B). At the same time, with the discharge of melt binder and gaseous 
products, interconnected channels are formed along their internal and external transfer 
paths (as shown in Scheme2 (C)). Once the interconnected pores are formed in the 


































































decomposition products increase sharply in the process of discharging, and the 
excessive pressure on the ceramic green body results in crack formation. However, this 
process is conducive to the rapid and stable removal of residual binders without 
cracking in the subsequent high temperature debinding process. In the high temperature 
debinding stage (300~600 ℃), the binder polymer and its decomposition products 
undergo intense pyrolysis at high temperature. Additionally, the residual carbon 
elements in the pyrolysis reaction are oxidized to produce CO2 in the air. They release a 
large amount of heat, intensifying the carbonization reaction of the binder as well as the 
CO2 and pyrolysis products from inside to outside (as shown in Scheme 2 (D)). The 
rapidly expanding CO2 will not only aggravate the defects in the low temperature 
debinding stage, but also cause new cracks 
In conclusion, in the low temperature debinding stage, the interconnected pore forms 
in the green body during the process in which the melted binder and the gaseous 
decomposition product discharge from inside to outside. This process eventually 
produces cracks under the influence of a dramatic increase of the volume of gaseous 
decomposition product. However, in the high temperature debinding stage, the binder 
decomposes and carbonizes at high temperature and the carbon element oxidizes rapidly 
in the air to release large amount of heat. This further accelerates the decomposition of 
the binders and the volume expansion of CO2 to extrude the green body, resulting in 
cracks. 
 


































































Based on the previous analysis, a method to control the defects in the debinding 
stage of ceramics is proposed. In the low temperature debinding stage of the ceramic 
green body, the melted binder and gaseous decomposition products are transferred from 
the inner part to the surface of the green body by holding at a specific temperature, then 
interconnected holes are formed in the green body. In the subsequent high temperature 
debinding stage, with the increase of temperature, these holes are beneficial for the 
rapid and steady discharge of the residual binder and produced CO2 without cracks due 
to mass heat and gas expansion at the appropriate temperature. 
To verify the proposed method, the following experiments were carried out. 
Samples were divided into three groups to maintain the same heating rate, and each 
group was heated to 120 ℃ and held for 2 hours. The purpose of this process was to 
remove the water. The samples were then heated to T1 = 200 ℃, T2 = 237 ℃, and T3 = 
250 ℃, respectively, maintained at the respective temperatures for 3 hours [14, 17-19], 
and then cooled to room temperature at the same cooling rate. The experimental 
debinding temperature curve is provided in Fig. 5(A) and a ceramic green body after 
debinding is shown in Fig. 6. With the increase of temperature, the surface of the 
debinding ceramic green body is brown, and the color gradually deepens, indicating that 
the binder has begun to carbonize in this heating range. With the increase of temperature, 
the degree of carbonization gradually deepens, and the removal of binders also increases. 
At the holding temperature of 250 ℃, there are obvious cracks in the debinding ceramic 
green body (as shown in Fig.6. (C)). The computed tomography (CT) scanning images 


































































right angle of the square hole where the stress is concentrated in the debinding process. 
It can be observed that with the increase of scanning depth, the length and scope of the 
cracks gradually decrease and the cracks slowly disappear. The crack diffusion from 
inside to outside also proves that interconnected internal channels are formed along this 
route, together with the discharge of melted binder and gas products. The gas volume 
expands rapidly and extrudes the internal passage, which is damaged and cracks are 
formed due to the excessive heat preservation temperature. The shrinkage and mass loss 
of samples at different holding temperatures is shown in Fig. 5 (B). With the increase of 
heat preservation temperature, the size shrinkage and mass loss of the sample increases 
with the rise of temperature. However, when the heat preservation temperature is 250 ℃, 
the speed of increase in length and width size, as well as mass loss, slows down. The 
shrinkage rate of length and width is 11.1%, and the mass loss is 14.32%. This 
illustrates that the diluent monomer part of the binder has been completely discharged at 
this holding temperature. At this time, the binder in the sample begins to partially 
carbonize, and the remaining binder rapidly decomposes and carbonizes at high 
temperature. 
To study the change rule of the binder in the low temperature debinding stage, the 
surface morphologies and the distribution of pores (indicated by the arrows in Fig.7) on 
the surface of the ceramic body before debinding and the above three samples were 
observed by SEM, and the results are shown in Fig. 7. The surface morphology of the 
ceramic green body before debinding process is provided in Fig. 7(A), in which the 


































































with zirconia ceramic powder, and the surface was complete and without pores. 
According to the morphology of the binder on the surface of the sample after debinding, 
it can be seen that the binder is still tightly encapsulated with ceramic particles when the 
holding temperature is 200 ℃ (as shown in Fig. 7(B)), but the thickness of the 
encapsulation decreases slightly compared with that before debinding. This indicates 
that the binder on the surface of the ceramic body had begun to melt, evaporate, and be 
removed. As the holding temperature rises to 237 ℃, the debinding sample surface is 
covered with film-like binder (as shown in Fig. 7(C)), and the sample surface binder 
increases compared with the previous samples (Fig. 7(B)). This process is due to the 
internal melted binder which is discharged from the inside to the outside under the 
action of gas pressure and capillary force, resulting in an increase of the binders on the 
surface of the green body. When the holding time is 250 ℃, only a few binders are 
present on the debinding sample surface, and ceramic particles begin to expose (as 
shown in Fig. 7(D)). At this time, most of the binder on the sample surface has been 
removed. From the surface morphology of the sample after debinding, with the increase 
of holding temperature, pores begin to appear on the surface of the sample after 
debinding, and the number of pores rises with the increase of temperature. When the 
holding temperature is 200 ℃, the binder on the surface of the sample begins to melt and 
evaporate, and a small part of the pore on the surface of the sample is produced (as 
shown in Fig. 7(B). When the holding temperature rises to 237 ℃, it can be observed 
from the label in Fig. 7(C) that a larger area of pores on the surface of the film-like 


































































decomposition products from the inside out. When the holding temperature is 250 ℃, 
the pore distribution area on the sample surface is larger and the number of pores is 
increased (as shown in Fig. 7(D)). This is attributed to the excessive holding 
temperature, as well as the gas decomposition products spilling out sharply and a rapid 
expansion of gas volume which causes the cracks that are shown in Fig. 6(C). In 
summary, in the low temperature debinding stage, melted binder and gaseous 
decomposition products spill from the inside to the outside of the sample. This indicates 
that there are similar interconnected pores inside the sample. At the same time, it is 
found that a temperature of 237 ℃ is conducive to the smooth discharge of melted 
binders and gas products which form a stable internal channel. However, the pressure of 
gas expansion at this temperature is not enough to cause cracks, and a defect-free 
debinding sample is formed. 
According to the previous analysis, in the high temperature debinding stage, the 
binder in the green body decomposes in large quantities, and the residual carbon 
elements are oxidized rapidly to form CO2 and release heat. Accordingly, the proposed 
strategy to control defects in the high temperature debinding stage is detailed as follows: 
To ensure the formation of stable interconnected pores in the low temperature debinding 
stage, a holding temperature of 237 °C is required. Then, an appropriate temperature 
must be adopted to ensure that the CO2 and a large amount of heat generated in the 
pyrolysis of binder are discharged smoothly along the channels formed during the low 
temperature debinding stage. According to the DTG curve in Fig. 3, the extremum 


































































360 °C, 430 °C, and 550 °C are directly set in the high temperature debinding stage for 
2 hours. In the previous low temperature debinding process, interconnected holes are 
formed between the interior and the surface of the green body parts. Therefore, setting 
the holding temperature at the extreme point of mass loss rate could ensure that the 
green body could remove the binder composition quickly without cracking. The 
debinding temperature curve is provided in Fig. 8 (A). According to the curve, the 
obtained parts have no cracks, as illustrated in Fig. 8(B). And it can be concluded from 
the SEM image(Fig.8 (C)) of green body after debinding process that the binder in the 
green body has been completely removed, and the grain size on the surface of the green 
body is relatively uniform, and it is not affected by the agglomeration of the powder to 
form larger crystal grains. The CT scanning image (as shown in Fig. 8(B1~B3)) of the 
marked area in Fig. 8(B) demonstrate that no obvious microcracks are found on the 
scanning sections 0.5 mm, 1.5 mm, and 2.5 mm away from the surface of the green 
body. It can also be seen that in the high temperature debinding stage, the three holding 
temperatures of 360 °C, 430 °C, and 550 °C are helpful for the smooth discharge of CO2 
and heat though the interconnected pores formed in the low temperature debinding stage 
and to avoid the cracks caused by gas expansion.  
 
4. Conclusions 
In this paper, zirconia ceramic green body was prepared by DLP technology using a 
special formulation of photosensitive resin as binder, and our team has also used the 


































































HA-ZrO2) to obtain defect-free samples. Through analysis of TG-FTIR results and the 
surface morphology of the ceramic green body under different heating conditions, the 
causes of defect formation in the process of thermal debinding were determined as well 
as methods of defect control. The following conclusions were drawn: 
(1)The thermal debinding process of ceramic body is divided into two stages: low 
temperature debinding stage and high temperature debinding stage. In the low 
temperature debinding stage, the binder is partly melted and gasified, and gaseous 
diluent monomer and acrylic acid are produced by decomposition. Under the action 
of heat and capillary force, the diluent monomer and acrylic acid are diffused from 
the surface of the body to form interconnected pores in the body. Excessive heating 
rate will accelerate the diffusion of gas products, resulting in cracks. In the high 
temperature debinding stage, the binder decomposes and carbonizes rapidly, and 
carbon elements generate CO2 under the action of oxygen, releasing a large amount 
of heat. In this situation, CO2 and heat is not smoothly discharged from the inside 
to the outside, resulting in cracks.  
(2)After analyzing the causes of defect formation, a strategy to control defect 
formation is determined. The appropriate temperature must first be selected in the 
low temperature stage so that the melted binder and gaseous decomposition 
products can be discharged smoothly from the inside to the outside, and to form 
stable interconnected pores in the interior. The appropriate thermal insulation 
temperature is then selected in the high temperature debinding stage to ensure the 


































































from the channel formed in the low temperature debinding stage, so as to avoid 
severe gas expansion which creates cracks. At the same time, the heat preservation 
temperatures at low and high temperature debinding stages are 237 °C, 360 °C, 
430 °C, and 550 °C, respectively. The heating curves of the entire debinding 
process were obtained in this study, and defect-free porous zirconia ceramic 
samples were successfully prepared. 
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Fig. 1. SEM image of zirconia powder and rheological curve of the slurry：（A）The 
SEM image of zirconia powder;(B) The rheological curve of the slurry. 
 
 
Scheme 1. Schematic illustration of the preparation process of DLP ceramic green body. 
The slurry is stirred with binder mixed with photosensitive prepolymer, diluent 
monomer, photoinitiators, and zirconia powder. The green body is prepared using a 
custom-made      3D printer with a DLP light source. The green body is utilized in 
the thermal debinding process, and the cause of defects in the green body during the 



































































   
Fig. 2. Green body sample for debinding experiments: (A) 3D model of the sample; (B) 
Printed sample. 
 




































































Fig. 4. Infrared absorption spectrogram of the ceramic green body:（A）Heated at 
150~300 ℃；（B）heated at 300~600 ℃; (C) 3D infrared absorption spectrogram of the 
ceramic green body heated at 0~700 ℃. 
 
 
Scheme 2. Schematic diagram of the process of the binder discharging from the inner 
part of the green body to the surface:(A) The green body heated at 0~200 ℃, solid 
binder began to melt;(B) The green body heated at 200~300 ℃, gasified binder and 
acrylic acid gas moves from inside to outside of the green body in melted binder; (C)  
Schematic diagram of interconnected channels formed in the green body; (D) The green 
body heated at 300~600 ℃, pyrolysis products of binder and CO2 gas discharge from 





































































Fig. 5. Experimental debinding process and results of the sample: (A) Heating 
temperature curve of the sample; (B) Shrinkage rate and mass loss result of the sample. 
 
   
 
    
Fig. 6. Samples after heating at each temperature: (A) Heating at 200 ℃; (B) heating at 
237 ℃; (C) heating at 250 ℃; (C1~C4) CT scanning images of different depths of 
surface area of green body marked by dotted frame in distance diagram (C) (-X mm 




































































Fig. 7. SEM images of the surface of the samples after heating at each temperature: (A) 
Green body; (B) T1=200 °C; (C) T2=237 °C; (D) T3=250 °C(The pores are indicated 




   
Fig. 8. Debinding curve and sintered defect-free sample: (A) Debinding curve of printed 


































































(B1~B3) CT scanning images of different depths of surface area of green body marked 
by dotted frame in distance (-X mm represents the cross section of the green body from 
the surface of the green body);(C) The SEM image of green body after debinding 
process. 
 
